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Abstract 
The use of the World Wide Web has had a huge growth and there is a greater variety of web applications with an increasing 
importance in society and in supporting the development to all kinds of business. Often, most of websites are providing support 
services that must be maintained and improved over time. This maintenance and upgrade can be difficult because frequently the 
requirements are no longer actual and/or often not even exist documented. Websites are increasingly monitoring usage data, and 
this type of information is increasingly abundant. Analyzing the usage of the websites can help identify improvements and help to 
maintain the website and its software requirements. This paper presents REQAnalytics, a recommender system that collects the 
information about the usage of a website, processes it and generates recommendations to the requirements specification of the 
website. This research work also presents an experimental evaluation of a case study based on an online newspaper website. The 
results showed that REQAnalytics can produce reports in a language closer to the business, identify most and less used 
functionalities, requirements that can be split in two or more requirements and give support to the maintenance of requirements of 
the website being analyzed. 
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1. Introduction 
Software quality has become a topic of major concern in the field of Software Engineering. Particularly, websites 
are being used not only for displaying static information but increasingly as core business tools, particularly through 
web services, intranets and web applications that run as support applications to business development1,2. 
The websites and web applications are a type of software that must be available 24 hours a day. Furthermore, they 
should please the customer and must be maintained and improved to adjust to needed changes through the website 
lifecycle3. The main reasons of software project failures are the incorrect requirements elicitation, requirements 
changes and their uncontrolled evolution during the software project lifetime4. Uncontrolled requirement changes 
cause negative impacts in software development, such as, excessive costs and a system unable to answer to 
stakeholders’ needs.  
The requirements management allows to maintain stability and agreement among stakeholders’ requirements, by 
means of the analysis of change effect and their monitoring during software lifetime5. Software organizations are 
improving the methods they use to collect, analyze, document, and maintain their requirements in a structured software 
requirements specification written in natural language. However, a Software Requirements Specification is difficult 
to keep current, specially when the software project is a website that evolves during its lifetime6. Through time, this 
causes the requirements become outdated and do not reflect the current state of websites. Furthermore, during software 
lifetime it is difficult to determine what requirements change requests should be answered first and the information of 
traceability between the requirements and the implementation is frequently lost. 
Nowadays, there is little support for websites and web applications evolution, despite the evolution of website 
accounts for major development costs. The evolution of websites involves the development of new requirements, 
requirements’ updates and implementation changes. These maintenance activities may come from different 
stakeholders, such as developers, systems engineers, users and service integrators. 
There are methods for measurement, data collection and data analysis of websites and web applications throughout 
their lifetime. These methods are called Web Analytics. The main objective of Web Analytics is to provide the right 
direction to online users. This can be done by doing required and impactful changes in the web site7. 
Nowadays, existing Web Analytics tools are able to gather diverse data about the usage of a website. The use of 
websites generates large amounts of information that may be used for different purposes like assessment of quality of 
web-products8,  pattern recognition or to statistical analysis7.  
It is our belief that information about the usage of websites may help requirements maintenance which can be a 
contribution to the overall quality of the service provided. Existing approaches and tools do not take advantage of this 
data. In addition, Web Analytics tools have some limitations relating to services maintenance. Web Analytics tools 
have focused on analysis and reporting of business metrics, like number visits and traffic sources, which interest is 
mainly to marketers9 but analysis directed to the improvement analysis is not currently done. Usage data is disregarded 
for the improvement of the quality of a web application. So, the potential of web usage data analysis is yet to be 
explored10. 
Recommendation Systems for Software Engineering (RSSE) can help developers to find alternative decisions in a 
wide range of software engineering tasks from reusing code to writing effective bug reports. The overall goal is to 
provide the right information, at the right time, to the right person. This would allow requirements engineers to spend 
their limited time on more important aspects of the project17. 
This paper presents REQAnalytics, a recommender system that collects the web data usage from a website and 
suggests requirements’ changes. Recommender systems have been widely used in e-commerce websites to provide 
user personalization11 like product, content or service recommendations. Recommender Systems for Software 
Engineering (RSSE) is a novel approach to support developers in decision making. 
The remainder of this paper is organized as follows: related work is discussed in Section 2, Section 3 presents an 
overview of REQAnalytics, the recommender system developed to assist the requirements maintenance. Section 4 
presents an experimental evaluation of a case study in an online newspaper and the results achieved. Conclusion and 
future directions are in Section 5. 
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2. Related Work 
There are Recommendation Systems that have been widely used in e-commerce websites to provide user 
personalization11 like product, content or service recommendations. Recommendation Systems provide information 
items estimated to be also valuable for a software engineering task in a given context17. Recommender Systems for 
Software Engineering (RSSE) is a novel approach to support developers in decision making.  
SRRS18 proposed a Security Requirements Recommendation System that uses prior knowledge about security 
requirements approaches, combined with user preferences, to recommend the most appropriate approach for specific 
project characteristics, and presents a full-order ranking of all approaches. Castro-Herrera19 presented a hybrid 
Recommendation System to identify potential users who could reply to unanswered posts in online forums. A 
content-based recommender technique analyses the text of unanswered posts, and compares them to previous posts. 
Cleland-Huang20 proposed a feasible approach that utilizes data mining and recommender systems to scale-up the 
fundamental processes of requirements elicitation and prioritization. 
In addition, nowadays, the Requirements Management of a website is only done to solve detected problems, satisfy 
or correct the failures of the software requirements specification21 not focused in its improvement, and therefore in 
the improvement of the overall quality of the website. Several studies22,23 have been developed related to 
Recommender Systems of Software Engineering , however none of them produce recommendations to the Software 
Requirements Specification based on the web usage data of the website. 
In other related work, Danylenko an Lowe24 suggest recommendation systems based on context-aware composition 
to enable a system designer to postpone and automate decisions regarding efficiency non-functional requirements, 
such as performance. Though, this approach focus on handling efficiency non-functional requirements during the 
software development process and is carried out before deploy of the system. 
A recommendation-based approach to requirements reuse is presented by Dumitru25. The proposed 
recommendation approach is content-based filtering, where a vector of keywords (derived from the description of the 
new software project) is matched with the keywords extracted from requirements artifacts from the repository of 
already completed software projects. 
Despite the fact of several studies17,23 have been carried related to RSSEs, none of them produce recommendations 
to the Software Requirements Specification based on techniques of web mining or based on web usage data. 
Using the data gathered from a web analytics tool, REQAnalytics generates recommendations to the software 
requirements specification and, ultimately, to the website itself. These recommendations also allow to analyze typical 
paths taken by users (which may be useful to define or improve workflows) and suggest changes to the functional 
requirements and to the website in a language closer to the business. 
3. The REQAnalytics System 
This section describes REQAnalytics, an innovative approach through a web based Recommender System that 
supports the task of Requirements Management. REQAnalytics is a recommender system that, using the web usage 
data of a website and the information of the mapping of the functional requirements with the web pages and elements, 
suggests recommendations to the software requirements specification. Despite having some features commonly 
available in a Requirements Management tool, it cannot be categorized as so, due to the fact that its goal is to 
complement and support the task of requirements maintenance through several recommendations to the requirements. 
The main features of REQAnalytics include: 
• Mapping Tool. This tool is integrated within REQAnalytics and relates functional requirements with the 
web pages and elements of the website as described in another case study of REQAnalytics12. Also, a 
similar methodology is presented in a different research work13. 
• Most used Requirements Navigation Paths Report. A report that shows the most frequent paths taken 
by users along the web service. However, instead of showing the paths as sequences of web pages visited, 
as it is common in other tools, it shows the functional requirements executed along those paths. 
• Traceability Matrix Report. Correlate the links between the functional requirements and the web pages 
and elements of the website 
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• Requirements Analytics (Statistics and Main Metrics) Report. This report lists the most accessed 
Functionalities (functional requirements), and other metrics like Entry Functionalities, Exit Functionalities 
and Requirements Bounce Rate. 
• Report of Recommendations to the Software Requirements Specification based on web usage data.
This report shows the main recommendations to the Software Requirements Specification. Some results 
have already been achieved in two different case studies of REQAnalytics14,15: 
o Create New Requirement 
o Requirements Prioritization Change 
o Delete existing Requirement 
o Split exiting Requirement 
This system is designed to be used through a web browser. Developed in PHP and using a MySQL database as 
support, REQAnalytics analyses the web usage and navigation of a specific website to generate recommendations to 
improve the quality of the software requirements specification. 
To generate these recommendations, we developed a web based mapping tool included in REQAnalytics that 
allows to map the functional requirements of the website with its functionalities. To collect the web data usage from 
the website, REQAnalytics uses a web analytics tool, OWA - Open Web Analytics that allows to gather this kind of 
data and save it to a database. 
As presented in other research works14,15, the REQAnalytics system is divided in four different phases: 
• Requirements mapping - map the functional requirements with the functionalities (pages and HTML 
elements) of the website. 
• Collect Web usage data - use of the web analytics tool OWA for collecting web usage data (pages viewed, 
clicked web elements, traversed paths along web pages, session duration, entry pages, exit pages). 
• Analysis of the data collected - the data provided by OWA is analyzed and intersected with the mapping 
information defined during requirements mapping. 
• Generation of recommendation report – generation of a high level recommendations report with possible 
improvements of the requirements specification and, ultimately, of the website itself. 
3.1. Mapping of requirements 
The functional requirements of the website under analysis are mapped with the web pages and HTML elements 
present in the website. The main idea is to trace functional requirements with the implementation artifacts like web 
pages and elements of the website. Identifiers for each traceability element such as requirement identifiers, web page 
URL and HTML element identifiers are stored within the database and correlated to the functional requirements. 
This mapping is a very important task in the project, since it will allow to establish correlations between the 
functional requirements and the implementation in order to allow REQAnalytics analyze and then generate 
recommendations to the software requirements specification baseline. This mapping is established using a high-level 
mapping web tool included in the system. This web tool can work with any web application or website since it was 
developed inside a bookmarklet that works in any web browser. 
3.2. Collect Web usage data 
The purpose of this phase is to collect the web usage data available using a web analytics tool. The analytics tool 
used in this system is Open Web Analytics16. It will collect several data like pages visited, DOM elements clicked, 
traversed paths along web pages, entry pages, exit pages and duration of session. These data will be stored in a support 
database for further analysis. 
3.3. Analysis of the data collected 
The REQAnalytics lists and analyses the web usage data collected by the web analytics tool, with the mapping 
information stored in the first phase. In this analysis, we intend to identify possible improvements of the website. For 
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this purpose, we analyze the paths traversed by users while visiting the website to be able to identify, among other 
improvements, possible shortest paths, workflow changes, which are the most and least used functionalities (functional 
requirements), create new functionalities not included in the previous requirements specification, change the priority 
of the requirements and detect patterns on the navigation paths. 
3.4. Generation of recommendation report 
After the analysis made in the previous phase, a detailed report is generated with several improvement
recommendations for the website under review. This report is built in a language closer to the business than the 
language used by existing web analytics tools because it is based on the requirements associated with the web pages 
and elements. Examples of recommendations are: 
• Show the most and least used website functionalities, mapped with the respective requirement 
• Creation of new requirements 
• Eliminate requirements whose functionality is not used 
• Change the priority of the functional requirements 
• Detect the most used navigation paths (i.e., the most used sequence of performed functionalities along the 
website). 
4. Case Study 
This section presents the results of the application of REQAnalytics in a news website: Cidade Tomar, a regional 
newspaper of Portugal. The aim is to assess the real ability of the system to suggest recommendations to the software 
requirements specification and to the navigation paths. As described in Section 3, the first phase of the REQAnalytics 
is to identify the functional requirements of the website that will be used by the analysis of the recommender system 
engine. 
The functional requirements of the software requirements specification are firstly exported to an XML document 
in the format accepted by REQAnalytics. Then the mapping between each requirement and the web page and element 
that implements it is established. This mapping is made using the web based mapping tool include in the REQAnalytics 
system. 
The web usage data for this case study is collected using OWA. The time period used in this study was 2 weeks 
(14 days) before the recommender system analysis has started. 
The goals defined for this specific case study were: 
• Display the Top Entry Functionalities of the website 
• Display the Top Exit Functionalities of the website
• Suggest Recommendations to split requirements  
4.1. Results 
REQAnalytics relates the information gathered by the web analytics tool with the mapping information in order to 
perform the analysis. After the analysis, the REQAnalytics generates reports with recommendations to the software 
requirements specification and website. 
4.1.1. Entry Functionalities 
Displays the top entry functionalities of the requirements specification. The table shows the list requirements 
related to web pages that were visited as “first pages”. The list is sorted downward by the number of clicks. 
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Fig. 1. Report generated by REQAnalytics with the top Entry Functionalities 
4.1.2. Exit Requirements 
Shows the top exit functionalities of the requirements specification. The table shows the list requirements related 
to web pages that were visited as “last pages”. The list is sorted downward by the number of clicks. 
Fig. 2. Report generated by REQAnalytics with the top Exit Functionalities 
4.1.3. Split a Requirement in two or more Requirements 
The REQAnalytics system detects when a web page (mapped to a requirement) has a considerable number of visits 
without user leaving to other functionalities of the website. Currently, REQAnalytics assumes that, when this number 
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is above ten, it is a likely case that there is need to detail the requirements specification (e.g., dividing a requirement 
in two). Figure 3 exemplifies this situation. 
Fig. 3. Recommendation to Split a Functional Requirement in two or more New Requirements 
It is assumed by the system that when this situation occurs it may be due to three types of possible events on the 
website or web application under analysis: 
• Functionalities not previously mapped. There are functionalities related with the same web page and web 
elements that were not described by any requirement.  
• Functionalities not initially documented in the Software Requirements Specification. There are some 
functionalities that were implemented on the website that were not included in the initial specification 
baseline and therefore the user of REQAnalytics could not have mapped them and include them in the 
analysis. 
• New functionalities not documented in the Software Requirements Specification. When there are new 
functionalities that were not yet inserted in the requirements specification. 
These results suggest that recommender systems for software engineering can be used in a meaningful way to help 
the requirements maintenance during the lifecycle of a website. The recommendations provided by the REQAnalytics 
helps to maintain the software requirements specification updated. Documenting software requirements reduce the 
project risk by reducing uncertainty in implementation of the software. In addition, software requirements documented 
and updated may ensure that they are addressed during software design and testing. 
5. Conclusions 
This paper presents a recommender system, REQAnalytics. It maps functionalities/requirements with web pages 
and elements of a website and relates this information with the web usage data in order to generate recommendations 
to the website under analysis. 
Commonly, traceability information is kept among requirements and test cases and the majority of the existing 
tools are incapable of automatically generate and maintain traceability relationships. The presented methodology for 
requirements traceability and software requirements management can be applied in an evolutionary context that 
supports and manages functional requirements during software lifetime.   
Regarding reports produced, existing web analytics tools generate mainly navigation statistics using the codes of 
the web elements which is difficult to read and analyze. REQAnalytics presents reports in a language closer to the 
business because it is based on functionalities. With this king of recommendations, it is easier to meet the expectations 
of the customers and users because a common language is used.  
REQAnalytics also helps in the task of requirements management, which contributes to the quality of the web 
service itself. However additional work is needed to compare these results to those obtainable using other type of 
recommendations. 
As future work we intend to use other Web Mining methods and techniques to analyze the web usage data. Since 
there are emerging new methods and techniques applied to web usage mining, an opportunity for future work would 
be apply other Web Mining methods to achieve new type of recommendations to the requirements specification. 
REQAnalytics can only be used in websites or web applications. Applying this same approach in mobile applications 
would be also a promising research work. 
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